Soil loss tolerance is a criterion for establishing if a soil is potentially subjected to erosion risk, productivity loss and if a river presents downstream over-sedimentation or other off-site effects are present at basin scale. At first this paper reviews the concept of tolerable soil loss and summarises the available definitions and the knowledge on the recommended values and evaluating criteria. Then a threshold soil loss value, at the annual temporal scale, established for limiting riling was used for defining the classical soil loss tolerance. Finally, some research needs on tolerable soil loss are listed.
Introduction
Soil degradation implies a long-term decline in its productivity and it determines reduction in some attributes of soil having specific functions of value to humans (Alexander, 1988) .
Soil degradation by accelerated erosion is a serious problem and will remain so during the 21 st century and its severity and economic and environmental impacts are debatable (Lal, 2001) .
Soil erosion on cultivated lands has received much concern since it is considered to be one of the most critical forms of degradation (Montgomery, 2007; Cerdà et al., 2009; Zhao et al., 2013) .
Soil erosion can be a manifestation of soil degradation because it involves physical removal of soil in a vertical and/or horizontal direction and degrades soil quality. Soil erosion is a natural process and its acceleration, due to anthropogenic perturbations, can have severe impacts on soil and environmental quality.
By contributing to the removal of soil material and the deterioration of the soil system, soil erosion directly affects the quality of the soil, its agricultural productivity and the biological diversity that is stored or lives in soil. Soil erosion also affects water quantity (loss of water holding capacity of soils) and water quality (turbidity through increased sediments in water). As soil formation is a very slow process, soil should be considered essentially as a non-renewable resource and its damage could be irreversible.
Soil erosion has both on-farm and off-farm impacts. Reduction of soil depth can impair the land's productivity and sediment transport can degrade streams and lakes (Uri, 2000) . When soil particles wash off a field, they may be transported by runoff until discharged into a water body. Not all agricultural constituents that are transported from a field reach water systems but a significant quote of finer particles, which are the most chemical active, is discharged. Once agricultural pollutants enter a water system, they lower water quality and impose economic losses on water users.
The EU soil thematic strategy of the European Commission (2006) established that soil is essentially a non-renewable resource and a very dynamic system, which performs many functions and delivers services vital to human activities and ecosystems survival. The pedogenetic processes responsible of soil formation are very slow, requiring from 200 to 1000 hundreds to thousands years to form a few centimeters of topsoil under normal agricultural condition (Kendall and Pimentel, 1994; Bazzoffi, 2009) . A European Commission analysis indicates that soil erosion continues to be more than soil formation across the European Union, but that the European agricultural policy is working to reduce this gap (Panagos et al., 2015) . The amount of soil lost by water erosion in Europe determines an estimated economic loss of about $20 billion per year, based on a restoration cost of $20 per ton (Panagos et al., 2015) . In the period 2000-2010, soil conservation measures carried out by the Common Agricultural Policy reduced soil loss by 20% in cultivated areas. Soil formation due to rock weathering is affected by changes in rainfall amount, average temperatures, water infiltration rate, type of soil cover and other natural and anthropic factors. Available data on soil formation (Owen and Watson, 1979; Friend, 1992; Miklos, 1992; Wakastsuki and Rasyidin, 1992) are rare and are affected by errors due to the difficulty of the measurement carried out at the soil-rock border (Sparovek and De Jong, 1997 ). The most reliable estimates of rates of soil formation from consolidated sediments or bedrock are based on small watershed studies. Data from these studies have been reviewed and rates of soil formation were computed from the following mass balance approximation of Barth's (1961) equation (Alexander, 1988) :
where: W is the mass of rock or consolidated sediments weathered; S is the mass of residue or soil formed from the weathered lithic or para-lithic material; and D is the mass of dissolved solids removed by runoff from the soil-parent material system. If the soil erosion rate increases may become greater than the soil formation rate resulting in a reduced soil depth soil. The use and management of soils must consider how to preserve it from excessive depth loss and the consequent degradation of its physical, chemical and biological properties.
Soil conservation polices have existed in the United States for more than 70 years. Initially, these polices focused on the on-farm benefits of keeping soil on the land and the United States Department of Agriculture (USDA) used a number of policy tools for improving conservation practices and programs. These tools require the implementation of specified conservation practices or the avoidance of some land use changes if a farmer wants to be eligible for an agricultural program payment.
Payment for environmental services has assumed an increasing importance in the preservation or restoration of ecosystem services related to water resources. Through economic mechanisms, human actions working towards maintaining or improving the quantity and the quality of natural resources, such as controlling soil erosion, are encouraged (Lenka et al., 2014) .
Out of the paradox between intolerable soil loss due to man-accelerated erosion and the inevitable soil loss due to geologic erosion came the idea to establish a tolerable soil loss (Schmidt, 1982) . Soil conservationists realised that a quantitative standard was needed to evaluate the effectiveness of erosion control measures and this standard is commonly named tolerable soil loss, TSL (Johnson, 1987) . Smith (1941) was probably the first student of soil erosion and erosion control (Johnson, 1987) , who underlined the need of defining both a standard for erosion control and the concept of permissible soil loss. Smith (1941) stated that is tolerable a soil loss rate which will permit at least a constant or preferably an increasing time gradient of soil fertility. Focusing the definition of TSL on soil fertility conservation, Smith (1941) implicitly established that tolerable soil loss values can be affected by the possibility to threat soil with fertilisers to replace nutrient contents lost through erosion.
In 1947, probably for the first time (Browning et al., 1947) a soil loss tolerance in cropland was formally applied to some soil types and, at this time, it was defined as the maximum average annual permissible soil loss without decreasing productivity. Smith and Whitt (1948) established that the ultimate objective of soil conservation is to maintain soil fertility and hence crop production, indefinitely. Any soil loss that permits a decline in fertility must be avoided. This definition of TSL is clearly focused on preserving agricultural productivity of soils in situ and is based on the assumption that soil organic matter content is the main indicator of soil fertility.
Widespread application of the soil loss tolerance concept started since 1962, when the TSL values were determined by U.S. Soil Conservation Service for most of the American soil types. All soils in the USA have been assigned TSL values ranging from 4.5 to 11.2 t ha -1 year -1 . In that moment, the soil loss tolerance was defined as the maximum level of soil erosion that will permit a high level of crop productivity to be sustained economically and indefinitely (Wischmeier and Smith, 1978; Renard et al., 1997; Lal, 2001) . In any way even the lowest TSL value is many times greater than the soil formation rate under natural conditions and this system is characterised by a scientific weakness due to the lack of scientific data supporting both an adequate prediction of soil formation rate and the effects of soil erosion on soil productivity.
Williams (1981) Although the original soil loss tolerance definition was concerned with a physical limitation of the soil production, many other damages can be incorporated into TSL values. Some of these are off-site damages related to nutrient loss or gully formation, while others are off-site damages concerning water quality and river sedimentation. For this reason Larson (1981) proposed a two-level approach in which the lower limit TSL1 value can be established for maintaining an on-site soil productivity objective and an upper limit TLS2 value can be used to limit offsite effects such as water pollution and reservoir sedimentation.
There has been little research on quantitative assessment of soil loss tolerance and the parameters used for this assessment have been different for many studies (Lal, 1998; Lakaria et al., 2008) .
In this paper the research results on soil loss tolerance are summarised with the aim to establish criteria for evaluating soil loss tolerance and to propose new research needs.
Defining soil loss tolerance
TSL value is a concept useful to judge if a soil has potential risk of erosion, productivity loss and off-site damages as river oversedimentation or reservoir sedimentation (Li et al., 2009) . Soil loss tolerance is also a useful criterion to design conservation practices and works for erosion controlling or can be used as an indicator of soil quality (Johnson, 2005; Bagarello and Ferro, 2006) . The term tolerable soil erosion is used when referring to soil lost by erosion in the context of soil conservation, soil loss tolerance or tolerable soil loss is the variable used to express the concept and it is measured as t ha -1 year -1 . Table 1 summarises the different definitions of tolerable soil erosion available in literature.
The concept of tolerable soil loss based on soil productive is reductive and neglecting the off-site effects does not reach a comprehensive environmental approach (Bazzoffi, 2009 ).
According to Verheijen et al. (2009) reviewing the available definitions for tolerable soil loss two different approaches emerge: i) establishing TSL as the value able to maintain the dynamic equilibrium of soil quantity (as mass or volume) in any site and under any circumstances; ii) relating tolerable soil loss to the biomass production function of soil. The first approach focuses on soil quantity while the second one focuses only on the biomass (particularly crops) production function of soil. The first definition considers tolerable a soil loss, which does not exceed the soil formation rate while the second definition links the tolerated value to the performance of a particular soil function. Verheijen et al. (2009) suggested to integrate both approaches and proposed a more holistic definition of tolerable soil erosion as any mean annual cumulative (all erosion types combined) soil erosion rate at which a deterioration of one or more (primary) soil functions (e.g., habitat, production, storing, filtering) does not occur.
Soil functions can generally be judged not to deteriorate when soil erosion corresponds to geological or normal conditions.
The USDA (1956) defined the following top ten influencing factors of tolerable soil loss for a particular soil (Li et al., 2009) : the rate of soil formation from parent material; the rate of topsoil formation from subsoil; reduction of crop yield by erosion; soil depth; changes in soil properties favorable for plant growth caused by erosion; loss of plant nutrients by erosion; the likelihood of rill and gully formation; sediment deposition problems within a field; sediment delivery from the erosion site; the availability of feasible, economic, culturally and socially acceptable, as well as sustainable soil conservation practices. 
Recomended soil loss tolerance values
The generally accepted maximum limit of soil loss or TSL value is 11.2 Mg ha -1 year -1 (Wishmeier and Smith, 1978) . Browning et al. (1947) identified for 12 Midwest soils the maximum average annual permissible soil loss without decreasing productivity. Erosion loss is more serious on soils with heavy infertile subsoil than on loess soils with uniform texture. The main determining factor was the loss of productivity per 2.5 cm of soil lost through erosion.
Guidelines for evaluating TSL value were formulated in the early 1960s after about 15 years of discussion by soil scientists, agronomists, and others. In 1961 and 1962, Soil Conservation Service held six regional soil loss prediction workshops attended by agronomists, geologists, and soil conservationists. At these workshops the value 5 tons ha -1 year -1 was set as maximum tolerance. The procedure used in assigning TSL value has relied strictly on multiple judgments of informed scientists. In accordance with the current state of scientific knowledge for Europe, tolerable soil loss, for hillslope soils overlying hard rock parent material, range from 0.3 to 1.4 t ha -1 year -1 depending on the driving factors of soil formation i.e., weathering (e.g., parent material, climate, land use) and desert-source dust deposition (e.g., geographic position; distance to source). Huber et al. (2008) raise the question of proposing different threshold values for tolerable soil erosion rates in different parts of Europe, e.g., higher for southern Europe than for northern Europe. It should be noted that, in its proposal for a Soil Framework Directive (EC, 2006) , the European Commission has refrained from suggesting a uniform soil erosion target rate for the EU. It has on the contrary suggested that Member States should themselves set appropriate target rates, which can vary from area to area in their national territory to ensure the protection of soil functions and a sustainable soil use. Only two European countries are currently known to have established tolerable rates of erosion thresholds. In Switzerland, the tolerated soil erosion is either 1 or 2 t ha −1 year −1 depending on the vulnerability of the soil to erosion. In Norway, the threshold is set at 2 t ha −1 year −1 (Verheijen et al., 2009 ).
Europe's environment assessment (European Environment Agency, 1998) considered that tolerable soil loss varies between different soil depths, types and agro-climatic conditions, but typically ranges from 1 t ha -1 year -1 on shallow sandy soils to 5 t ha -1 year -1 on deeper welldeveloped soil. With a very slow rate of soil formation, any soil loss of more than 1 t ha -1 year -1 can be considered to cause irreversible damage to soil quality within a time span of 50-100 years.
The Organisation for Economic Co-operation and Development (OECD) indicates as tolerable a soil erosion rate less than 6 t ha -1 year -1 . Bazzoffi (2009) showed the environment minimum requirements for different ecosystems; these values represent the best compromise between the two necessities of reducing soil erosion to minimum rates and making it possible the continuation of the agricultural activities in the area. Nevertheless, the values reported by Bazzoffi (2009) never exceed 3 t ha -1 year -1 . This value, compared with the T value indicated by OECD (6 t ha -1 year -1 ) can be considered very suitable to achieve a good performance of the function soil erosion control.
Evaluating soil loss tolerance
According to Toy et al. (2002) soil loss tolerance concept is a powerful conservation-planning tool because both technical and nontechnical elements are combined into a single number.
The universal soil loss equation (USLE) by Wischmeier and Smith (1978) was also used with the TSL value (t ha -1 year -1 ) for conservation design:
(2) in which: R is the rainfall erosivity factor; K is the soil erodibility factor; S is the slope steepness factor; L is the slope length factor; C is the crop factor; and P is the practice and management factor.
Using Eq. (2), as it is known, the factors L, C and P can be modified for obtaining a soil loss value less than the tolerable soil loss.
Soil conservation strategies designed by average weather conditions can provide adequate erosion control in most years but unacceptable sediment yield can occur for the largest erosion-producing events (Gonzales-Hildalgo et al., 2010 , 2012 . Therefore, it seems reasonable to suggest that conservation strategies should be developed taking into account large storms rather than average weather conditions (Bagarello et al., 2010; Strohmeier et al., 2016) .
From an engineering point of view, the reference severe storm has 
Authors Definitions
Smith (1941) A tolerable soil loss rate will permit at least a constant or preferably an increasing time gradient of soil fertility Browning et al. (1947) A soil loss tolerance in cropland is defined as the maximum average annual permissible soil loss without decreasing productivity Smith and Whitt (1948) Tolerable soil loss is any soil loss that permits a decline in fertility must be avoided U.S. Soil Conservation Service Soil loss tolerance is the maximum level of soil erosion that will permit a high level of crop productivity to be sustained economically and indefinitely Verheijen et al. (2009) Tolerable soil loss is any mean annual cumulative (all erosion types combined) soil erosion rate at which a deterioration of one or more (primary) soil functions (e.g., habitat, production, storing, filtering) does not occur Bagarello et al. (2015) The classical soil loss tolerance (11.5 t ha -1 year -1 is a soil loss having a return period equal to 2 years The occurrence of soil loss equal to or lower than 11.5 t ha -1 year -1 does not ensure absence of rills Bagarello et al. (2015) The aim of soil conservation strategies to limit rilling can be obtained using a threshold soil loss which is greater than the classical soil loss tolerance (11.5 t ha -1 year to be defined to design a soil conservation system. This design storm cannot simply be estimated when little or no erosion data exist at a site. Moreover, it cannot be assumed equal to the maximum of the available historical series since the event recurrence interval is unknown. As an alternative, the historical sequence, having a sufficient sample size, is used to develop a frequency analysis and to estimate the soil erosion variable having a given return period (Baffaut et al., 1998; Mannaerts and Gabriels, 2000) . According to Larson et al. (1997) , conservation systems should be designed for limiting soil loss (namely, tolerance) to the value corresponding to a return period variable from 10 to 20 years. If a sufficiently large historical sequence of soil loss values is available then a frequency analysis can be developed and the soil erosion variable having a given return period can be estimated (Baffaut et al., 1998; Mannaerts and Gabriels, 2000) . Notwithstanding the knowledge of the return period of an erosion event can be considered relevant information to design soil conservation systems, the use of frequency analysis in soil erosion studies is relatively limited (Hession et al., 1966; Baffaut et al., 1998; Mannaerts and Gabriels, 2000; Bagarello et al., 2010 Bagarello et al., , 2011 probably because of the difficulty to collect a number of measurements large enough for developing statistical inference analysis. Recently Bagarello et al. (2011) carried out an investigation on statistical distribution of soil loss measurements using simultaneously operating plots of different length, l (11, 22, 33 and 44 m) at the experimental station of Sparacia (southern Italy). Using a simple normalisation technique, the analysis showed that the probability distribution of the normalised soil loss is independent of both the scale length l and the temporal scale, which are completely represented by the mean soil loss calculated for a given event using all replicated data collected in plots having the same length.
Using the USLE/revised USLE (RUSLE) scheme, Bagarello et al. (2011) showed that the frequency distribution of the soil loss can be obtained by the frequency distribution of the rainfall erosivity index. The soil loss corresponding to a given return period T, m(SLe,T), can be deduced by the following relationship:
where: m(SLe,T) is the soil loss at the event temporal scale corresponding to a given T; M[m(SLe) ] is the mean soil loss per event; and xT is the quantile of given return period which can be estimated by the following expression:
where: Re,T is the event rainfall erosivity index corresponding to given return period T; and M(Re) is the mean value of the event rainfall erosivity index. Eq. (4) establishes that m(SLe,T) is obtained by amplifying the mean soil loss, M[m(SLe)], by a frequency factor xT which is estimated by the frequency corresponding to a given return period T. The annual soil loss corresponding to a return period T, m(SLa,T), can be predicted by the following relationship (Bagarello et al., 2011): (5) in which: M[m(SLa)] is the mean annual soil loss; Ra,T is the annual rainfall erosivity factor with a T years return period; and R is the rainfall factor of the USLE, i.e. the mean of the annual values.
Using the USLE for estimating the mean annual soil loss of a bare plot, Eq. (5) gives: (6) which can be applied to determine the expected annual soil loss of a given return period T.
For designing soil conservation purposes, such as predicting distance between channel terraces to control annual soil loss from a bare plot, Eq. (6) can be rewritten as follows:
in which: xT is the frequency factor corresponding to a return period T. In other words, the design of a soil conservation practice needs establishing the return period T and determining the corresponding frequency factor xT. Bagarello et al. (2011) suggested establishing, at the annual temporal scale, the frequency factor xT using the probability distribution of the annual soil loss or, as an approximated alternative, the annual rainfall erosivity factor.
As an example for Sicilian region, the statistical analysis of the measured annual values of the rainfall erosivity factor showed that the Weibull's distribution can be used (Ferro et al., 1991) an the following equation can be applied to estimate the frequency factor xT:
where b and e are the two parameters of the Weibull's law, depending on the mean value, R, and the standard deviation, s(Ra), of the annual rainfall erosivity factor according to the following relationships (Ferro et al., 1991) : (9) (10) in which G is the gamma function. The mean value R can be estimated in Sicily by the following equation (Ferro et al., 1991) :
in which: R is expressed in SI units (MJ mm ha -1 h -1 year -1 ); and I1,2, I6,2, I24,2 (mm h -1 ) are the rainfall intensity with 1 , 6 and 24 h duration and a return period of two years, respectively. The standard deviation s(Ra) is estimated for Sicilian region by the following equation (Ferro et al., 1991) :
in which R is expressed in SI units. According to this result, soil conservation works has to be designed Review N o n c o m m e r c i a l u s e o n l y using USLE/RUSLE and calculating the soil loss corresponding to an annual tolerable soil loss TSLA having a given return period T (Eq .7): Bagarello et al. (2010 Bagarello et al. ( , 2015 developed a frequency analysis using the annual maximum soil loss measurements, collected in the period 1999-2012 at Sparacia experimental area, normalised by the mean soil loss measured at a given temporal and spatial scale. The empirical frequency distribution of the normalised variable x was well fitted by two Gumbel's theoretical probability distributions discriminated by a value of the normalised variable equal to 2, which corresponds to a return period T approximately equal to 25 years.
The analysis of Bagarello et al. (2015) showed that both the return period of the classical soil loss tolerance (11.5 t ha -1 year -1 ) is equal to 2 years and the occurrence of soil loss equal to or lower than 11.5 t ha -1 year -1 does not ensure absence of rills.
Taking into account the results regarding rill frequency, Bagarello et al. (2015) also established that the aim of soil conservation strategies to limit rilling can be obtained using a threshold soil loss which is greater than the classical soil loss tolerance (11.5 t ha -1 year -1 ).
Eq. (13) shows that the threshold soil loss value at annual scale, TSLA, is equal twice the mean annual value of soil loss calculated by USLE/RUSLE. Taking into account that the maximum annual value of the tolerable soil loss TSLA,m corresponds to C=P=1, Eq. (13) allows to calculate this reference value:
Therefore the annual value of the tolerable soil loss can be set equal to twice the mean annual value of the maximum soil loss (R K L S) calculated by USLE/RUSLE.
Soil erosion models and risk maps are useful tools that should assist public authorities and political decision makers to establish land use and soil conservation strategies (Bagarello et al., 2016) . The USLE scheme (Wischmeier and Smith, 1978) was used in Sicily for developing maps representing the spatial distribution of rainfall erosivity, soil erodibility and maximum soil loss R K L S.
The isoerodent map for Sicily was developed by using rainfall data collected at both 172 recording and 96 non-recording rain-gauges, to use all possible rainfall information in the region . Spatial variability of the R factor in Sicily was assessed using the 268 point-values of this factor and a kriging technique with the GRID module of the ARC-INFO software. The analysis, developed with reference to a square cell of side length equal to 2 km, yielded an estimate of R for each cell (Figure 1 ). Spatial variability of R was also represented by superimposing the isoerodents to the 1:250,000 map of Sicily.
Ferro (Bagarello et al., 2016) developed the map of the soil erodibility factor, K, according to Wischmeier et al. (1971) , using data collected at more than 1800 sampling points distributed across the island (Figure 2 ). According to the USLE/RUSLE, the maximum soil loss, Amax (t ha -1 yr -1 ), is given by the product RKLS, where L and S are the slope length and steepness factors, respectively. The Amax term yields the maximum soil erosion that can occur at the mean annual temporal scale when the soil is bare (cover and management factor, C=1) and antierosive measures are not applied (support practice factor, P=1). Estimation of the topographic factors was carried out using the digital elevation model of the island with a mesh size of 200 m.
The L factor was calculated by the RUSLE relationship (Renard et al., 1997) and the S factor was calculated according to Nearing (1997) .
The map of Amax for Sicily developed by is shown in Figure 3 and it can be used, according to Eq. (14), to determine the areas of the island having a maximum soil loss greater than the tolerance in which soil conservation strategies are necessary. Nearing (2002) suggested that the tolerable soil loss established for U.S. soils could be inadequate for other regions because scientific evidence of its applicability is poor and should be updated. Bazzoffi (2009) underlined that the concept of tolerable soil loss based on soil productivity and soil formation rate does not take into account the off-site effects of soil loss.
Research needs
Taking into account that soil erosion causes a direct loss of nutrients, new research should be carried out for linking the grain-size distribution of the eroded sediment to that of the original soil in order to explain the enrichment of chemical content of the sediment with respect to the parent soil. The enrichment concept (Di Stefano and Ferro, 2002 ) is currently applied to clay, organic matter, and all chemicals adsorbed by soil particles, such as nitrogen and phosphorus, and it is useful to explain the off-site effects. Clay soils are dominated by aggregates, whereas non-cohesive soils are usually constituted by primary particles. Soil structure strongly influences sediment yield and the loss of chemicals that are transported in eroded sediments; aggre- gational characteristics of soil particles also affect hillslope sediment transport and delivery processes. Since sediments and adsorbed chemicals are produced from different sources distributed throughout a drainage basin (Di Stefano et al., 2000) , improvements in modeling chemical soil transport phenomena could be obtained by employing a spatially-distributed approach of sediment delivery processes (Ferro and Minacapilli, 1995; Ferro, 1997; Ferro et al., 1998a Ferro et al., , 1998b Ferro and Porto, 2000) . As suggested by Li et al. (2009) new researches should be developed to link the tolerable soil loss definition with a scientific basis supporting this definition. As an example, if TSL is defined as the maximum soil loss that will not reduce crop productivity over a long period a quantitative relationship between soil erosion and crop productivity, under different input conditions, has to be determined. This relationship will allow to model specific at site and anthropic conditions.
To assess how and to what extent soil loss decreases crop productivity, the multiple factors influencing soil erosion and the soil components affecting crop productivity have to be considered. Taking into account that soil erosion causes the loss of soil nutrients, depth, biota, organic matter and water resources, models able to translate these losses into reduced crop productivity are necessary.
Notwithstanding that the concept of using long-term hydrological data for a probabilistic representation of the hydrological phenomena is well known, and is currently employed for rainfall-runoff and flood studies (Ferro, 2006) , the use of frequency analysis in soil erosion studies is relatively limited.
New researches are necessary to establish both the empirical frequency distribution of soil loss at different sites and the theoretical probability distribution to fit to the annual maximum soil loss measured values. An estimating criterion of the annual soil loss of a given return period can be determined and linked to a tolerable soil loss value. A new definition of the tolerable soil loss can be obtained by this frequency analysis and this threshold soil loss can be correlated to riling occurrence.
Estimating soil erosion in monetary terms is significant and underlines the importance of soil conservation strategies. The major on-site cost of erosion in agricultural fields is expended to replace the lost nutrients and water. Understanding the relationship between land-use and hydrological characteristics (runoff and soil loss) is critical to the prediction of nutrient budgets for establishing at site practices and forecasting off-site effects.
Erosion not only damages the agricultural area where it occurs but also affects the surrounding environment. The most serious of off-site damages are caused by soil particles entering the water system (Pimentel, 1995) . Siltation is a major problem in reservoirs because it reduces water storage, shorten the lifetime and increases the maintenance costs of dams. Developing of distributed models for predicting the spatial distribution of sediment yield at basin scale is useful to establish the areas within the basin which are interested by sediment delivery processes (Jain et al., 2000; Fernandez et al., 2003; Fu et al, 2006) . The areas responsible of the most basin sediment yield determine the off-site effects and should be interested by erosion control technologies and soil conservation strategies aimed to decrease soil and nutrient loss, to preserve soil's fertility and to sustain crop yields.
Conclusions
Soil loss due to erosion is a natural and inevitable phenomenon but it can become excessive, and hence intolerable, in particular situations and mostly due to anthropic factors.
Tolerable soil loss is a concept developed in the 20 th century and it is useful to judge if a soil has potential risk of erosion, productivity loss and off-site damages. The first definition of tolerance is due to Smith which, focusing on soil fertility conservation, stated that is the soil loss rate which permits at least a constant or preferably an increasing time gradient of soil fertility. Over the last 25 years more holistic definitions, taking into account both the involved soil functions and the off-site effects, were proposed. The definition of Verheijen et al. (2009) integrating soil quantity and soil functions represents a more holistic approach to tolerable soil erosion.
Being the soil loss tolerance concept useful for planning soil conservation strategies, its quantitative estimation is necessary and has to be carried out taking into account large storms rather than average conditions. For this reason research on statistical distribution of the annual maximum soil loss should be carried out in different areas of the world.
The concept of tolerable soil loss has also take into account the offsite effects of soil loss and new research should be carried out for linking the grain-size distribution of the eroded sediment to that of the original soil in order to explain the enrichment of chemical content of the sediment with respect to the parent soil.
Finally costs of soil erosion are significant and underline the importance of soil conservation strategies. Understanding the relationship between land-use and hydrological characteristics (runoff and soil loss) is critical to the prediction of nutrient budgets for establishing at site practices and forecasting off-site effects. 
